In this paper, we will describe how 
Introduction:
At first glance, integrating communication into an Engineering course or into the entire Engineering curriculum can be a daunting task but, as Ford and Riley show [1] , this integration has proven to be quite successful in various Engineering schools both here and in the U.S. Table I summarizes some of the features others have noted and shows how MECH 4860 compares. 
The Cornerstone: The Technical Communication Course (ENG 2010)
The technical communication course is a second-year, stand-alone course that students complete before the capstone courses. There are many reasons why this approach has proven to be successful over the years. Unlike a course where technical communication is taught as part of an existing technical course, as is the case in the WAC approach, students in a stand-alone course have ample opportunity to learn more fully about the writing process as well as the team process [2, pp. 106-107] . But perhaps the most important reason, given what we have learned in the capstone courses, is that the technical communication course is a cornerstone upon which these other courses can build. Thus, integrating communication into a capstone course is more straightforward than it might have been had no such stand-alone course existed.
For example, based on a problemsolving model developed some years ago [4] As well, the course introduces engineering students to the genres of engineering communication and helps them to shape their communications according to sound rhetorical principles of audience and purpose. Also helping them transition from the academy to the workplace is the course's emphasis on oral communication, teaming skills and project management skills. Another way to help students develop the "soft skills" that industry values is introducing information literacy into the course. As Tenopir and King have shown, acquiring information literacy affords students the means by which they can more easily access information both now and in their future professional lives [7] .
Ultimately, it is this combination of problem solving, information literacy and rhetorical strategies that help to make the technical communication course a cornerstone in the engineering curriculum.
The Capstone Courses:
Because students have already taken this technical communication course as well as an introductory course in design, they have some background in both design and communication. Without this background, they would be hardpressed to complete the industry-based capstone projects in which an actual engineering problem must be solved. This is "real" engineering with actual clients, so the demands on the student teams are also real. Teams must consult with their clients (their target audience), and master the engineering details of this workplace situation. Then the student teams must prepare various documents and other communications for the client and for the course -all this within the short time available for teams to actually do all the tasks and solve the problem. This is an intensive, short-term project that demands project management skills, teamwork skills and communication skills. Thus, the course must be organized in a way that allows enough time for student teams to complete the project. Although most of the senior capstone courses only run for one term (the usual duration for a 3-credit hour course at the University of Manitoba), they typically have more classes and labs included. Consequently, the capstone courses have a higher "credit hour" value; for example, MECH 4860 is a 5-credit hour course while ECE 4600 is a 6-credit hour course.
To give students the broadest academic and industry perspective possible, the capstone courses are also team-taught; that is, one engineering professor (the course instructor or coordinator) organizes the course and makes the arrangements for the design projects, for the industry and academic advisors, and for the various consultants. Along with the help of a teaching assistant, who handles most of the course administration, several co-instructors help the coordinator with all course-related activities. Now, part of the team includes the head librarian in Engineering, who assists students in finding information on standards and patents, as well as the communications specialists, who consult with students and assess the various written and oral assignments. Instead of a prescriptive approach to communication, however, one where rules and rigid protocols govern the writing process, the communication specialists strive for a more interactive environment, one where their function becomes more like that of a coach who helps students to shape their written and oral work. In this way, too, students can more fully experience all four modes of communication: written, oral, graphical and interpersonal communication [2, p. 107] .
Above all, the delivery of the course and the assessment of the students are collaborative. As Shwom and Hirsch explain, both the engineering and the communications specialists need to "work to develop a shared agenda," including the design, teaching and evaluation of the course [2, [p. 105] . Everyone on the team must be an equal partner because design and communication are "ideal partners" [2, p. 105]. Design itself is a "communicationintensive activity," so a focus on communication enhances the quality of a design. In much the same way, a focus on design enhances the communication since reports and presentations must be "rhetorically and graphically designed to accomplish specific purposes for specific audiences" [2, p. 105] . Figure 1 illustrates the structure of the teaching team. Ultimately, the goal of integrating communication into the capstone design courses was to build on what students had learned in their earlier courses, including technical communication, and to do so in a way that would enable the teams of engineering and communication instructors to focus less on introducing students to the principles of design and communication and more on creating their design -thereby fulfilling the CEAB requirement that students apply what they have learned in earlier courses and produce a useful design for their industry clients.
The Mechanical and Manufacturing Engineering Capstone Course (MECH 4860): A 3-Phase Approach
The senior capstone course in Mechanical and Manufacturing Engineering had its origin in a much earlier senior course developed by another professor. One of its distinguishing features was an emphasis on industry-based team projects with an ancillary focus on communication. A team of engineering faculty, invited speakers and industry consultants delivered the course material and assessed the students' written and oral work, both for the quality of the design and for the effectiveness of the communication.
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Oral and Poster Judges • to facilitate the transition from the academic world to the real world of the professional engineer; • to give students the chance to experience open-ended problems, like those they will encounter in industry; • to encourage design from a technical perspective as well as a social and environmental one; and • to build on teamwork skills and on effective communication skills.
To ensure that our objectives are met, the course includes three lectures a week, where the coordinator, industry consultants and engineering faculty give lectures on practical design methods and the tools needed for both project management (such as a task matrix) and team management (such as leadership). As well, there are two labs, each an hour and a half long. One of these labs is for the teams to use as they wish; they may want to consult with the client or their advisor during this time. The other lab, held in a large room with several round tables, enables the capstone team and the students to interact. During this time, for example, students are able to chat informally with both the engineering faculty and the communication specialists. Additionally, the combined expertise of the capstone teaching team ensures that students are able to shape their oral and written work more effectively.
The course follows a three-phase design approach. Phase 1, project definition, comprises information gathering and analysis; here, student teams meet with representatives from the company sponsoring the project, discuss the problem the client wants solved, and begin to consider solutions. Phase 2, conceptual design, begins the process of interpreting the information collected by the team and shaping it into one or multiple design concepts that would address the problem outlined earlier. Phase 3, the detailed design, involves developing the "best" concept as a complete design solution to the problem and then presenting the design to the client and to the team of capstone instructors (as most courses require) [3] . In each of these three phases, student teams prepare written and oral reports that describe their proposed design. Not only does this approach mirror the problem-solving approach outlined earlier, but also it reflects the writing process itself: gathering information and drafting a response; analyzing the information and reviewing the drafts to check for clarity and completeness; and preparing the final report, complete with graphics, and delivering it to the client.
To help the teams apply their engineering knowledge to an open-ended problem and complete all these phases successfully, the capstone course familiarized students with the steps and associated tools in the engineering design process. For example, students needed to recall what they had learned about project and team management in the technical communication course, and about the need for maintaining detailed records of the project and the team, such as logbooks and meeting minutes, The entire capstone team prepared material on these topics and later assessed how well the student teams integrated design as well as communication principles into their work.
To help the capstone team complete their assessments, the communications specialist devised a series of rubrics to assess all the required elements in the three major reports: the project definition report, the conceptual design report and the final report, each of which reflected one of the phases of the engineering communication and design process. Based on a 2-1-0 scale, the rubrics were designed to let students know whether each element was strong (2), competent (1), or weak (0). The rubric had three columns: the element to be assessed; the assessment based on the 2-1-0 scale; and, finally, the comments on each element. Each group of specialists considered the same fundamental areas when they read the reports, but the technical specialists focused primarily on the technical details while the communication specialists focused on rhetorical issues in more depth.
For example, the project definition report (assigned after student teams have read the client's definition of the problem) required students to define what they were proposing to do and determine how exactly they were going to proceed. In addition to a table of contents, the assignment called for students to have sections detailing the following:
• the problem background, where design teams situated both the problem and The rubric mirrored these requirements in the first column; the second column showed how the section had been assessed according to the 2-1-0 scale, and the third column allowed space for comments.
Overall, this three-phase, integrated approach changed students' former perception that the "design is for the client, and the report is for the professor"; they soon came to realize that the design and the report are for both the professor and the client. Compared with previous years, the team of capstone instructors agreed that the students enrolled in the 2007 integrated course delivered better quality design solutions along with better design deliverables; that is, the communications they produced, such as posters and reports, were concomitantly of a higher quality than ever before. Even the overall course evaluation noticeably improved from a 3.2 (out of 5) in 2006 to a 3.6 in 2007.
Not only were the grades higher for the work the students produced, but also all of the clients indicated a willingness to adopt the design solutions that the student teams developed. One client who responded to questions about his levels of satisfaction with a project on stud welding and drilling was emphatic in his praise of the student team's level of commitment and hard work. He noted how well they worked together to produce what his company needed. He also stated that, if the trials were successful, the company would be implementing the design, perhaps one that looked different but nevertheless one that used the same concepts. He concluded by expressing the company's overall satisfaction with the students' professionalism and hard work, singling out the inclusion of all the drawings on a CD and the quality of the final report.
Thus, or the technical specialists, the integrated approach to the capstone course freed them to focus only on the design; trying to assess the communication of it no longer sidetracked them. For the communication specialists, the course became a model to be followed for the other capstone course to be briefly discussed here, the Electrical and Computer Engineering capstone course.
The Electrical and Computer Engineering Capstone Course (ECE 4600):
The ECE capstone course is unique in that it is a two-term course. Another unique feature is that the class does not always meet every week; students must therefore carefully organize when they will meet and how they will complete their work. Here, too, similar to the case in MECH 4680, the course coordinator of ECE 4600 prepares and delivers the lectures on topics such as proposals and oral presentations, but the entire teaching team (comprised of coinstructors and teaching assistants) contributes as needed to the course material. They are also present and available for consultations after a class. As well, the previous and the current coordinator for the course have written a detailed guideline for the students to follow. This document outlines in some detail the requirements for the final report, the logbook, the proposal and so on.
From the perspective of the communications specialists, this course had many positive features, but there was also one major drawback (primarily the result of staffing issues, which were later resolved): the communications specialists were not part of the team of capstone instructors from the very beginning, when teams were being formed and the students' collaborative work was starting. Hence, the communications specialists were less familiar with the students and the course, less involved with the team and the course dynamic, less steeped in what Ramey and Hudgins call the "culture" of the course [6, p. 13b5-3] . As a result, rather than being perceived as active participants in the whole process, they were seen as "add-ons."
Because of this disconnection, students tended to perceive the communication side of design as less important than the technical side. All the previous assignments leading up to the final report had been prepared in a relative communication vacuum, even though most had taken the technical communication class earlier in their programs. Unlike the MECH 4860 experience, then, the experience in the ECE course felt less collaborative; often, the communications specialists felt like markers only and not active participants.
All that changed, however, when the communications specialists indicated their willingness to meet with students and help them shape their final written reports. After a slow start, students started to book appointments, and the instructors found it increasingly difficult to meet the demand. They were forced to focus on particular sections of a team's report rather than on the entire document. Nor were they able to have one-on-one sessions with individual students in order to diagnose possible writing problems and suggest solutions unique to them. In the end, they simply ran out of time, since the reports had to be submitted.
In the final analysis, although they managed to see 11 of the 21 teams enrolled in the course, the communications specialists agreed that much more could have been done from the beginning, especially since students verbally indicated that they had received invaluable help during these intense "coaching" sessions with the communications specialists. The perception of their place in the course changed as a result, from an "add-on" to a valued participant.
Observations and Conclusions:
Integrating communication into the senior capstone courses offered at the University of Manitoba has proven to be an exciting challenge, primarily because there were lessons to be learned during the course and beyond. Here are some of those lessons:
• the communications specialists must be involved throughout the senior capstone course and not just at times when there is an assignment due; they must have a definable presence in the class from the beginning; • they must be involved in the day-to-day operation of the course as equal partners;
• to be perceived as equal partners, the marks assigned for the communications component must be, if not equal to the technical component (such as 50/50 would be), then at least of sufficient weight to be important -and to be perceived as important by the students; • either outside of class or during the class, regular meeting times should be set up so that the communications specialists can meet on a regular basis with each team; • these sessions should not merely provide prescriptive lessons in "do this, but not that" or in editing a student's work; rather, in order for active and lifelong learning to occur, these sessions should be more akin to coaching sessions where the communications specialists can guide the students and provide help and encouragement;
• having a stand-alone communication course like the Technical Communication course (ENG 2010), one that precedes the capstone course, means that students are better prepared for the demands of an industry-based project and are more open to the kind of coaching the specialists can do at the senior level;
• finally, the Engineering librarian should be even more involved in the capstone courses so that the information literacy skills learned in ENG 2010 can be further developed and students can become more proficient in researching standards, patents and so on.
Indeed, we are planning to implement these lessons into the 2008-2009 capstone courses by creating a more interactive classroom and by encouraging more time for meetings between students and the communication specialists. Therefore, we would argue that a senior capstone course that integrates communication into the overall engineering design process can be most successful if stand-alone courses in both communication and design precede it. Additionally, both communication and design in the capstone course must be meshedemphasized in the course delivery and assessed throughout the evaluation process. In this way, both communication and design are emphasized as important components in an engineering student's education.
